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Abstract 
Exposure to heavy metals including Ni, Cd, Cr, Co, Pb, As, Hg, Zn and Cu, has been recognized as a risk to 
human health through the consumption of vegetables. This study investigates the source and magnitude of heavy 
metal contamination in various kinds of vegetables including kales, spinach, carrot, cabbage and tomato in 
Eldoret town. In the study the concentrations of Pb, Cd, Ni, Mn, Co, Cu, Fe and Zn   in vegetable crops around 
the municipal damp site and near the sewage ponds were investigated; and their contamination status with 
respect to international food standard guidelines evaluated. The lead in vegetables in all tested areas had higher 
level than that of the permissible limits of international standards. Except lead, it is concluded that nearly all the 
samples did not exceed the Intentional Food Standards maximum level (ML) in vegetables in Eldoret. 
Contaminated soil and vegetables may contribute to a progressive gathering of these metals in food chain that 
might affect ecosystem with possible noxious effect on human health. The study shows that vegetables growing 
soil containing higher amount of metals could be transferred into edible parts of the plant, so study area should 
be monitored regularly to avoid health risk of human being due to exposure of toxic level. 
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1.0 Introduction 
Heavy metals are hazardous contaminants in food and the environment and they are non-biodegradable  
(Heidarieh et al., 2013). The effects associated with metal contamination are of great concern due to their 
increasing trends in human foods and environment (Kachenko and Singh, 2006). Cd and Pb are the metals most 
often found as contaminants in vegetables. These metals can pose as a significant health risk to humans in 
elevated concentrations above the body requirements (Gupta et al., 2008). In order to assure public health safety, 
the metals must be controlled in food sources (WHO, 1995). Excessive amount of heavy metals in food cause a 
number of diseases, especially cardiovascular, renal, neurological, and bone diseases (Olal, 2015; Chailapakul et 
al., 2007). These metals could reach food chain through various biochemical process and ultimately 
biomagnified in high levels and eventually threaten the health of human. The contamination of vegetables by 
heavy metals is also a global environmental issue. They are everywhere in the environment through various 
pathways, due to natural and anthropogenic activities (Wilson and Pyatt, 2007). Under certain environmental 
conditions metals may accumulate to toxic concentration and they cause ecological damages (Jofferies, 1984; 
Freedman, 1989). 
There is an inherent tendency of plants to take up toxic substances including heavy metals that are 
subsequently transferred along the food chain (Singh et al., 2010). And as such, heavy metal contamination in 
vegetables cannot be underestimated as food stuffs are important components of human diet. Leafy vegetables 
grown on heavy metal contaminated soils accumulate higher amounts of metals than those grown in 
uncontaminated soils because of the fact that they absorb these metals through their roots (Bahemuka and 
Mubofu, 1991; Al-Jassir et al., 2005; Sharma et al., 2006; Sharma et al., 2007; Marshall et al., 2007). Heavy 
metals are persistent in the environment and are subject to bioaccumulation in food-chains. They are easily 
accumulated in the edible parts of leafy vegetables, as compared to grain or fruit crops (Mapanda et al., 2005). 
Some of the sources of anthropogenic contamination include the addition of manures, sewage sludge, 
fertilizers and pesticides to soils. Studies have identified the risks in relation to increased soil metal concentration 
and consequent plant uptake (Whatmuff, 2002; McBride, 2003). Commercial and residential areas are also 
vulnerable to atmospheric pollution as a result of metal-containing aerosols. These aerosols can penetrate the soil 
and be either absorbed by vegetables, or be deposited on leaves and adsorbed. Analysis of vegetables grown in 
locations close to industry has shown elevated levels of heavy metals contamination (Kachenko and Singh, 2006; 
Voutsa et al., 1996). However, the major sources of vegetable contamination with heavy metals might be due to 
the waste water irrigation, solid waste disposal, sludge applications, vehicular exhaust and agrochemicals. 
Excessive accumulation of heavy metals in agricultural soils through the use of agrochemicals and by other 
sources may lead to elevated heavy metal up-take by vegetables and thus affect food quality and safety 
(Muchaweti et al., 2006). Heavy metals are easily accumulated in the edible parts of leafy vegetables, as 
compared to grain or fruit crops (Mapanda et al., 2005). Vegetables take up heavy metals and accumulate them 
in their edible and inedible parts (Bahemuka and Mubofu, 1991), in quantities high enough to cause problems 
both to animals and human beings when they consume these metal-rich plants (Alam et al., 2003). Intake of 
toxic metals in a chronic level through soil and vegetables has adverse impacts on human, plants and the 
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associated harmful impacts become apparent only after several years of exposure (Bahemuka and Mubofu, 1991; 
Ikeda et al., 2000). However, the consumption of heavy metal-contaminated food can seriously deplete some 
essential nutrients in the body that are further responsible for decreasing immunological defenses, such as 
intrauterine growth retardation, impaired psycho-social facilities, disabilities associated with malnutrition and 
high prevalence of upper gastrointestinal cancer rates (Iyengar and Nair, 2000; Turkdogan, 2003). 
 
2.0 Materials and Methods 
2.1.1 Sampling site 
Plant samples were collected from six sites within Huruma and Mwenderi in Eldoret town. The following 
vegetables were considered for heavy metals investigation: kales, spinach, cabbage, carrot and tomato, which are 
mostly grown in the study area. The sites were residential vegetable gardens but with surplus being sold to 
consumers. 
2.1.2 Vegetable Sampling 
The collected vegetable samples (200 g) were thoroughly washed with fresh water in order to remove the 
adhering dirt and finally with distilled water. Then 10 g of each sample were placed in a mortar for grinding to 
obtain a homogenous mass for subsequent analysis. 
2.1.3 Chemicals and equipment used 
Standard solutions of relevant elements were bought locally from Laborama laboratory supplies. The standards 
were of high purity levels; pure nitric acid, potassium iodide and hydrochloric acid. The analytical instrument 
used in this study was Atomic Absorption Spectrometer (AAS). A microwave accelerator reaction system was 
used for the digestion of the samples. 
 
2.2 Experimental procedure 
2.2.1 Digestion of vegetable samples 
To determine the concentration of heavy metals in vegetable samples, aliquot (about 0.3 g) amount of the ground 
dried samples were taken in a vessel of the microwave oven where 4 ml of concentrated HNO3 was poured.  
After the digestion, the samples were filtered and leveled up to the mark with distilled water in a 10 ml 
volumetric flask. Finally the samples were analyzed for heavy metals using AAS. 
2.2.2 Metals determination 
The working standard solutions were prepared for heavy metal determination by diluting a stock solution 
containing 100 ppm   of single element AAS grade standard with distilled water. The standard solutions for the 
heavy metals were used to construct the calibration curves with the help of AAS. Quality assurance measures 
included the calculation of method detection limit and analysis of standard reference material. A blank reading 
was also taken and necessary correlation was made during the calculation of concentration of different elements. 
 
3.0 Results and discussion 
Table 1: Heavy metals concentration in vegetables, mg/kg 
 kales spinach carrot Cabbage Tomato 
Pb 1.41 1.50 1.23 0.12 1.10 
Cd ND ND ND ND ND 
Ni ND ND ND ND ND 
Mn 0.07 0.08 0.05 0.03 0.03 
Cr 0.04 0.06 0.05 0.03 0.02 
Cu ND ND ND ND ND 
Fe 0.53 0.80 0.60 0.58 0.71 
Zn 0.60 1.20 0.95 0.89 0.50 
The results of heavy metals concentration in the vegetable samples are presented in Table 1. The 
contamination of heavy metals in vegetables indicate that the concentration of Ni, Cd, and Cu were below the 
detection limits; the concentrations of Fe, Mn, Zn and Cr were below the permissible limit recommended by 
WHO (WHO, 2000; WHO, 2004). But only the concentration of lead (Pb) in vegetables was found in toxic level, 
which varied from 0.12 mg/kg to 1.50 mg/kg. The highest lead content was found in spinach (1.50 mg/kg) while 
in cabbage it was lowest in concentration (0.12 mg/kg). According to WHO food hygiene standard, the standard 
limit of lead for vegetables and fruit is 0.3 mg/kg (Codex Alimentarius Commission, 2001). In the study area, 
lead concentration that was found in the vegetables may be as a result of human activities such as waste water 
irrigation, solid waste disposal and sludge applications. 
Lead is a toxic element that can be harmful to plants, although plants usually show ability to 
accumulate large amounts of lead without visible change in their appearance or yield. In many plants lead 
accumulation can exceed several hundred times the threshold of maximum level permissible for human (Codex 
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Alimentarius Commission, 2001). The introduction of lead into the food chain may affect human health and may 
cause disruption of the biosynthesis of hemoglobin and anemia, rise in blood pressure, kidney damage, 
miscarriages, disruption of nervous systems and brain damage. 
 
4.0 Conclusion and Recommendation 
The results of the study clearly indicate that some heavy metals like Mn, Cr, Zn, Fe, and Pb have been built up in 
vegetables and could be responsible for contamination. Apart from the above four heavy metals contamination, 
the vegetables in the study area were found to be free from other heavy metal contamination. So, the vegetables 
are safe for consumption. But dietary intake of these vegetables result in long term low level body accumulation 
of heavy metals and the detrimental impact becomes apparent only after several years of exposure. So regular 
monitoring of these toxic heavy metals in vegetables and other food materials is essential to prevent excessive 
build-up in the food chain.  
From the overall study of the heavy metals in vegetables it has been found that the results obtained for 
different parameters investigated in each category of vegetable samples were at normal levels except lead, which 
is harmful to human. Thus immediate actions are necessary to keep it within the permissible limit. 
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